Abstract
Introduction
Virtual Reality Geographical Information System (VRGIS) has been widely used for diverse applications such as landscape planning, resource management, urban modeling and etc. It becomes ever important in the era of big data [big08] [Bri12] , and functions as a fundamental infrastructure of smart cities. Coming along with the high demands is higher challenge, mostly regarding to the capacity of managing multi-source geospatial data sets, integrating into a uniformed structure, performing advanced analysis and simulation, effectively visualizing large volumes of simulated and real-time data, and finally, sharing information by efficient means [BZ11] . In view of this situation, we consider WebVRGIS platform as a solution to meet these requirements, furthermore, we find that many issues can be overcome by enhanced virtual reality technology. This work presents a mature system developed in such line, which is loaded with 3D Shenzhen data as a demonstration.
Nowadays, there is an increasing interest in creating Virtual Reality Geographical Information System (VRGIS), which can obtain the landscape geospatial data dynamically, as well as perform rich visual 3D analysis, calculations, managements based on Geographical Information System (GIS) data. The web version of VRGIS is so-called Web-VRGIS, which is also widely known as virtual geographical environments. GIS data has several characteristics, such as † lvzhihan@gmail.com large scale, diverse predictable and real-time, which falls in the range of definition of Big Data [Bri12] . Besides, to improve the accuracy of modeling, the city planning has an increasingly high demand for the realistic display of VR system, however this will inevitably lead to the growth of the volume of data. Virtual scene from a single building to the city scale is also resulting in the increased amount of data. In addition, the concern of usability of WebVRGIS has attracted the attentions to a new challenge, which is fusing all kinds of city information big data by WebVRGIS platform, and thus exploiting the data effectively. Beside spatial data integration, new user interfaces for geo-databases is also expected [BZ11] . Therefore, the management and development of city big data using virtual reality technology is a promising and inspiring approach.
Data
We utilize 3D Shenzhen as a convincing case to present WebVRGIS [Le13] , as shown in figure 1. Shenzhen is a thirty- years new city, however, it has the highest population density in China, which reaches 7785 people per square kilometer (2013). It causes some embarrassments to the city information management. The presented platform can assistant the social service agencies to make full use of Virtual Reality and database technology to improve the comprehensive level of the city's service management, it can achieve shares of information resources of all departments and the dynamic tracking for the population and companies, geospatial information.
System Design Graphic User Interface WebVR render engine [LYH * 11]
and spatial index technology is adopted to realize highperformance mapping of massive model data, realize special effects of rich scenes and smooth roaming, and truly simulate 3D urban space environment. Extensive model editing functions and spatial analysis functions are available, including terrain analysis, spatial analysis, sunlight analysis, traffic analysis, population analysis and community analysis. Users can realize dynamic loading of various kinds of spatial data, and change plane GIS data into more intuitive 3D symbols, as shown in figure 1. On the website part, the top view-based position observation is conducted through a 2D bird's-eye map on the left. The tool bar on the top of the earth browser contains 3D GIS analysis function and urban data management, analysis and visualization. The tree-view management control on the upper left contains various layers in the earth browser. By clicking the tree view management control on the left, it is possible to display the 3D model of each building and each room respectively. Big data handling and analysis Virtual community [LCZ * 12] [ZLZ * 09] based big data management service is used to supply big data access service to various city information management systems and to manage the big data system. Various city information management systems can be enabled to obtain data and information from the big data platform in the form of service through access control over the data aggregation processing platform. Analysis function can have a comprehensive observation to the 3D model of a community and analyze and display various data, including population age composition, education background composition, etc.
It counts the population distribution in various areas of the city and can manage the urban traffic and real-time road condition, as well as forecast the passenger flow, as shown in figure 2. This platform can manage the urban traffic and real-time road condition. It can visualize the road condition in the form of line and plane. In addition to real-time data, it can also load the historical data. This platform also manages the data in bus and taxi stations and subway stations in Shenzhen and forecasts the passenger flow, as shown in figure. Through clicking the button of â Ȃ IJdeformation along metro linesâ Ȃ İ (100m or 50m), the system will analyze the deformation along metro lines (100m or 50m), and show the result in a way of spatial cylinder or spatial point to represent the trend of deformation. The cylinder or icon above ground shows lifting deformation, and the cylinder or icon below ground shows sinking deformation; in case of larger height difference, it means larger deformation.
Implementation
The platform is developed by C++, OpenGL for rendering and HTML, javascript, C# for website dis- 
Conclusion
The 3D Shenzhen case proves 3D city visualization and analysis platform is a useful tool for the social service agencies and citizens for browsing and analyzing city big data directly, and is agreed upon as being both immediately useful and generally extensible for future applications. It also demonstrates that WebVRGIS engine is a state-of-the-art practical research. Some novel interaction approaches are considered to integrate in our future work [Lv13] [LFLF14] [LFFL15] .
